The rhesus monkey was evaluated in its haemopoietic and histological response to intraperitoneal injections of methylceUulose. The haematologic alterations included a mild haemolytic anaemia, lymphofaenia, monocytosis, a shortened survival of er s -labelled autologous erythrocytes (17'1 vs 13'3 days, P<O'025) and normoblastic hyperplasia of the bone marrow. There was a diffuse sequestration of the polymer in the phagocytic cells of the spleen, liver, bone marrow, lymph nodes and adrenal glands. The renal glomerular endothelium also consistently stored this material. Overt splenomegaly was not induced. The monkey appears to present, along with other animals, a rather species-specific response to methylcellulose that is accompanied by fundamental responses observable in all subjects.
The induction of splenomegaly and hypersplenic activity by intraperitoneal injections of methylcellulose (MC) is well documented in the rat (Palmer, Eichwald, Cartwright & Wintrobe, 1953) , mouse (Stang & Boggs, 1977) , and gerbil (Rosa & Glomski, 1981) . Other species, however, such as the guineapig, rabbit (Giblett, Motulsky, Houghton & Finch, 1956) , and dog (Weissman, Waldmann, Levin & Berlin, 1961) have proven to be less susceptible to the splenic effects of this polymer. To date the primate has yet to be evaluated in its reaction to MC. The present report is designed to help complete the analysis of the comparative spectrum observable in polymer-treated laboratory animals. To this end the haematological and histological responses of the rhesus monkey are presented.
Materials and methods
Five healthy, young, adult, male rhesus monkeys (Macaca mulatta) weighing 2'5-5 kg were used. They were placed on a regimen of biweekly i.p. injections of 2 '5% aqueous methylcellulose Received 24 November 1981. Accepted 16 March1982. CUSP) for 14 weeks to give a total dosage of 5,6 glkg body weight.
Baseline complete blood counts and tibial bone marrow aspiration biopsies were performed before the initiation of the study. Haemoglobin, leukocyte levels, and Wright-Giemsa-stained blood films were monitored approximately every 2 weeks during the injection period and were performed 2-5 days following the prior injection. The haemoglobin was determined spectrophotometrically as cyanmethaemoglobin while the leukocytes were enumerated by microscopic visualization in a counting chamber. Survival of Crst -labelled autologous erythrocytes was determined at the beginning of the study as well as one month after the final injection using techniques described previously (Glomski, Hagle & Pillay, 1971) . Terminal tibial bone marrow smears were obtained after the post-treatment red cell survival times were determined. Bone marrow smears were stained with Wright-Giemsa stain and subjected to complete differential counts of at least 1000 cells. The monkeys were sacrificed and autopsied within the 2-month period following the final determination of the red cell life span. The organs were weighed and the tissues studied microscopically as haematoxylin and eosin-stained sections. Dry film imprjnts of the spleen and liver were prepared and examined. Statistical analyses were performed using the T-test for paired observations.
Results
The monkeys tolerated well the repeated injections of MC. At the termination of the regimen they appeared healthy, although somewhat lethargic. The haematological observations associated with the injections of the polymer included a slight decrease in the haemoglobin levels from 14 to 12 gld1. With the cessation of the treatment, however, the values returned essentially to normal during the following 2 months. The red cell survival, as indicated by the half-life of Cr S !_ labelled autologous erythrocytes determined one month after the final injection, was significantly abbreviated. The pretreatment mean was 17'05 (SD 0'85) days, as opposed to the final mean of 13'25 (SD 2'06) days (P<0·025). Examination of the erythrocytes in the stained blood films obtained throughout the investigation, with rare exception, did not reveal any alteration in morphology or increased incidence of polychromatophilic cells. A Iymphopaenia was observed; the mean preinjection absolute lymphocyte count averaged 6726 cells/mm 3 of blood (SD 1321) while the mean level during the injection period was 4543 cells/mm 3 (SD 1002) (P<0·02). A monocytosis was also noted with an initial average of 250 cells/mm 3 (SD 230) as compared with 541 cells/mm 3 (SD 161) which was observed while the polymer was administered. This increment, however, did not attain statistical significance. These cells were morphologically notable in that they sometimes demonstrated multiple small pseudopodic cytoplasmic extensions during treatment. Rarely, macrophages could also be identified in the peripheral blood. The heterophils were not significantly altered.
The bone marrow differential data are summarized in Table 1 . The post-treatment bone marrow consistently showed an increased percentage of normoblasts (initial mean 27%, SD 5'7; final mean 38%, SD 8'9, P<0·02). In 3 animals the erythroid precursors comprised 44-45% of the total marrow haematopoietic cell population. This alteration was also reflected in the marrow myeloid/erythroid ratio (initial average 1'5: I, final average 1'0: I). The lymphocytes, as in the blood, were less frequently identified in treated subject~' marrows (initial mean 28'8%, SD 9'1 vs final mean 22,4%, SD 9'1, P<0·02). Plasma cells were not increased in number. Foamy, vacuolated macrophages, presumably containing 311 phagocytosed MC, could be observed in each animal (Fig. 1) .
The gross anatomical findings at autopsy were not remarkable. The spleens were not hypertrophied and had aweigh t range of 1'25 -2 g/kg body weight; hepatomegaly was not present. Occasional small nodules of MC were present on the peritoneal wall of some animals. Ascites was absent. Under microscopic examination the phagocytic cells of the spleen and' abdominal lymph nodes demonstrated sequestered MC. These cells were visualized as having voluminous, pale-staining, foamy cytoplasm, a feature characteristic of MC-treated animals. The splenic foam cells were usually observed as small clusters scattered in the red pulp and represented no more than 10-25% of the splenic volume. They .were. seen to best morphologic advantage in Wright- Giemsa-stained dry film imprints (Fig. 2) . The splenic lymphoid nodules were typically devoid of cells containing MC, an observation consistent with that of the lymph nodes where the foam cells were localized principally in the medullary and cortical sinusoidal regions. Foam cells were present in the liver as swollen Kupffer cells and could be seen individually or as small aggregations. Though present in each liver, they were not particularly numerous. Three monkeys also had small collections of lymphocytes scattered among the hepatocytes. Although foam cells were recognizable in the bone marrow sections, their frequency was lower than that of the liver. The kidneys demonstrated morphological changes due to the MC. The glomeruli were preferentially affected, with the glomerular endothelium swollen and vacuolated as a result of polymer sequestration. Most glomeruli contained at least some MC and very occasional tubules were atrophied, probably secondary to glomerular damage. The other cells of this organ were generally not involved with storage of the macropolymer. The adrenal glands revealed relatively numerous foam cells at the corticomedullary junction. In addition, 2 monkeys (4 & 5) also had violet-staining, spherical, 'concretion'-appearing bodies of various dimensions within the medulla or along its cortical boundaries. Occasional foam cells were observed in the interstitial regions of the testes and in the pulmonary alveolar septa.
Discussion
The MC-injected animal has been a laboratory model since the work of Palmer and his colleagues (1953) demonstrated that the MC-injected rat can serve as an experimental model having a docu-Glomski, Chao & Zuckerman mented state of splenic hyperactivity. Such rodents are characterized by a massive splenomegaly, anaemia, leukopaenia, shortened red cell survival, splenic erythrophagocytosis, hyperplastic bone marrow and a generalized sequestration of the polymer in phagocytic cells. Other animals have been studied as to their response to MC injection. Thus far it appears that there is a rather species-specific response to the polymer, although certain fundamental responses are constant in all subjects. The results of the present investigation indicate that the MC-injected monkey is characterized by a mild, partially compensated haemolytic anaemia, normoblastic hyperplasia of the bone marrow, diffuse phagocytic cell sequestration of the polymer and an absence of overt splenomegaly. The anaemia is at least partially transient, since the haemoglobin levels begin to return to normal after cessation of treatment. The normoblastic hyperplasia of the bone marrow can be interpreted as evidence of compensation for the increased rate of red cell destruction evidenced by an abbreviated erythrocyte life span. The fact that the anaemia was mild is also supported cytologically by the lack of enhanced polychromasia of the circulating red cells, as well as by the absence of splenic erythrophagocytosis (seen in the treated rat) and hepatic erythropoiesis (readily induced in the mouse).
One of the chracteristic leukocytic responses of the monkey is perhaps its monocytosis, a feature similarly present in the gerbil. The identification of rare macrophages in the peripheral blood of the monkey (and rat) is also consistent with the concept of a stimulated monocyte-phagocytic system. The peripheral blood picture in this subject also includes lymphopaenia which is likewise noted in two of three rodents (rat and gerbil but not mouse). Conversely, although the injected primate is not associated with a heterophilia this response is induced in the mouse and gerbil.
The presence of renal damage has been a complicating factor in the evaluation of the hypersplenic status of the MC-injected subject since it is an accepted fact that renal disease alone can induce an anaemia and that MC administered to splenectomized rats can also induce an anaemic state (Rowley, Fitch & Sye, 1962) . Although glomerular infiltration of the polymer is a characteristic finding in MC-treated subjects, the rat, on one hand, has a minimal elevation of its blood urea nitrogen. associated with proteinuria while the dog becomes frankly uremic (Weissman et al., 1961) . The monkey kidney also demonstrated polymer storage in its glomerular endothelium. Although most glomeruli were affected, degeneration of the glomeruli and renal tubules were absent, suggesting that renal function was only moderately affected. The rhesus monkey is thus an experimental candidate capable of sustaining repeated i.p. injections of MC which result in a stimulation of its monocyte-phagocytic system and lymphopaenia. The spleen, however, does not hypertrophy nor does the haemolytic anaemia become severe or persistent.
This species is less susceptible to the induction of hypersplenism by the MC-injection technique than rodents such as the rat and mouse. As in other models, the primate demonstrates renal glomerular and adrenal sequestration of MC.
